Background: Polycystic ovary syndrome (PCOS) is a common endocrine disorder among reproductive-aged women. While PCOS is associated with an increased risk of obesity and insulin resistance, little is known regarding the prevalence of and risk factors for nonalcoholic fatty liver disease (NAFLD) among Japanese women with PCOS. We estimated the prevalence of and risk factors for elevated liver enzymes, as the index of NAFLD, in Japanese women with PCOS.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is a hepatic manifestation of metabolic syndrome [1] , and its pathology ranges from simple steatosis to cirrhosis and hepatocellular carcinoma without excessive alcohol intake [2] . The global prevalence of NAFLD in the general population is 25%, and NAFLD incidence rate in Asia is 52 per 1,000 person-years [3] . Approximately half of NAFLD patients are obese and 23% have diabetes [3] . Elevated liver enzyme is one of the main characteristics of NAFLD. Moreover, age and menopause are important risk factors for NAFLD. Although 6% of the Japanese premenopausal women have NAFLD [4] , etiology of NAFLD in premenopausal women remains unclear.
Meanwhile, polycystic ovary syndrome (PCOS) is the most common endocrine disease in reproductive-aged women [5] , which is characterized by hyperandrogenism, chronic anovulation, and infertility [6] . The prevalence of PCOS is estimated at 8.0% in black and 4.8% in white premenopausal women [5] . More than 40% of women with PCOS have insulin resistance [7] and may have an increased prevalence of hypertension, dyslipidemia, diabetes and obesity [8] .
NAFLD frequently occurs in women with PCOS. A recent meta-analysis has reported that women with PCOS have an approximately four-fold increased risk of NAFLD [9] . The prevalence of NAFLD in women with PCOS may vary worldwide because of their different genetic, ethnic, and lifestyle backgrounds. However, NAFLD prevalence in Japanese women with PCOS remains unclear. In addition, the identification of risk factors for NAFLD in PCOS is required to provide clinical references for early diagnosis and prevention. Several clinical measurements, such as age, body mass index (BMI), waist-tohip ratio, obesity, triglyceride level, homeostatic model assessment for insulin resistance (HOMA-IR) index, and androgen level, are considered to be associated with NAFLD in women with PCOS [10, 11] . Recently, several studies have applied alanine aminotransferase (ALT) measurement as a surrogate approach for the diagnosis of NAFLD instead of liver biopsy or ultrasonography [12] [13] [14] . In a previous cross-sectional Japanese study, ALT = 17 IU/L was set as a cutoff for female NAFLD [15] . Furthermore, ALT > 19 IU/L was associated with an eight times increased mortality rate due to liver diseases. Importantly, the American College of Gastroenterology has recently proposed the upper limit of normal (ULN) for ALT to be 19 -25 IU/L for females [16] . Currently, neither measurements of liver enzymes, including ALT, nor ultrasonography of the liver are performed in daily practice and for the diagnosis of PCOS. In addition, for screening and early detection of NAFLD in reproductiveaged women, it is useful to determine these predictors based on general examination indexes used in daily practice. Thus, we estimated the prevalence of and identified the risk factors for NAFLD using elevated liver enzymes and general examination indexes in Japanese women with PCOS.
Materials and Methods

Subjects and data collection
Study subjects were enrolled by reviewing electronic medical records between January 2000 and September 2016 from the National Hospital Organization Kyoto Medical Center in Japan. Subjects visited the Department of Gynecology and underwent physical examination and laboratory blood tests as part of the clinical workup. The Japanese Society for Obstetrics and Gynecology criteria [17, 18] were used. PCOS was diagnosed according to three main characteristics: 1) Cycle irregularities; 2) Polycystic ovaries on ultrasonography; and 3) Endocrine anomalies (high levels of luteinizing hormone (LH) or androgen). A high LH level was defined as LH ≥ 7 IU/L and LH ≥ follicle stimulating hormone (FSH) level in subjects with BMI < 25 kg/m 2 , and LH ≥ FSH in those with BMI ≥ 25 kg/ m 2 [19] .
To identify women with PCOS, the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10) codes were used. Inclusion criterion was confirmed diagnosis of PCOS using ICD-10 codes for E282. Subjects were excluded if they had a history of liver diseases, missing BMI and ALT data, or pregnancy. ICD-10 codes were used especially for liver diseases, such as acute viral hepatitis (B199), hemochromatosis (E831), and autoimmune liver disease (K754). In addition, to identify alcohol drinkers, ICD-10 codes from F100 to F107 (alcohol-related diseases) were used. A database of BMI and levels of serum liver enzymes, lipids, blood glucose, and sex hormones (FSH, LH, prolactin, estradiol and testosterone) was constructed on the basis of medical records; neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte (PLR) ratios were used as inflammatory markers [20] . This study was conducted in accordance with the recommendation of principles of the Declaration of Helsinki (Fortaleza 2003) and was approved by the Ethics Committee of National Hospital Organization Kyoto Medical Center (approval number: 18-015). Opt-out informed consent was obtained from all subjects.
Noninvasive NAFLD estimated index
Clinical diagnosis and assessment of NAFLD by liver biopsy is regarded as the gold standard, but liver biopsy is not appropriate for the screening of NAFLD in reproductive-aged women owing to invasiveness [10] and sampling errors [21] . Moreover, its invasiveness may result in potential complications. In addition, the diagnostic accuracy of ultrasonography depends on the operator experience and skill [22] , and these data were not available in this retrospective large-scale cohort study. Therefore, we considered that for screening and early detection of NAFLD in reproductive-aged women with PCOS, it is useful to determine the predictors based on general examination indexes used in daily practice.
The most common clinical indexes in NAFLD are elevated liver enzymes. Among liver enzymes, ALT is most closely related to liver fat accumulation [23] and is especially useful as a noninvasive independent predictor of incident NAFLD [24] . Recently, abnormal serum ALT levels have been regarded as indicative of NAFLD in reproductive-aged women [12] [13] [14] [15] . Prati et al [12] have updated the upper limit of healthy range ALT to > 19 IU/L in women, and the American College of Gastroenterology has proposed 19 -25 IU/L as female ULN of ALT [16] . In addition, Targher et al [13] have used ALT > 19 IU/L to define NAFLD in Italian women. Therefore, we defined ALT > 19 IU/L as elevated liver enzymes and regarded it as NAFLD estimated index. To study the prevalence and optimal cutoffs for risk factors for elevated liver enzymes, the study subjects were divided into two groups: women with PCOS alone (control group) and women with PCOS and ALT > 19 IU/L (elevated liver enzymes group).
Statistical analysis
Continuous variables are presented as median (25 -75 percentiles). The normality distribution of the variables was tested using the Kolmogorov-Smirnov test. Differences between the two groups (elevated liver enzymes vs. control groups) were compared with Student's t-test for normally distributed data and the Mann-Whitney U-test for nonnormally distributed data. A Spearman's correlation analysis was performed. BMI was significantly different (P < 0.01), and blood glucose showed a tendency to be different (P = 0.07) between the two groups. BMI, blood glucose, and testosterone are related to fatty liver [10, 11, 25] . Therefore, we set up two models for predicting elevated liver enzymes using receiver-operating characteristics (ROC) curves to determine clinical references for early diagnosis and prevention. Model 1 included BMI and blood glucose levels, and Model 2 included BMI and levels of blood glucose and testosterone. The area under ROC curve (AUC) was calculated to assess overall diagnostic accuracy and to identify optimal cutoffs for risk factors for elevated liver enzymes. AUC was assessed using standard criteria [26] and interpreted as follows: excellent (≥ 0.90), good (0.80 -0.89), fair (0.70 -0.79), or poor (< 0.70). The optimal cutoffs were determined, and the sensitivity, specificity, positive (PPV) and negative (NPV) predictive values, and diagnostic accuracy for elevated liver enzymes were calculated. Statistical analyses were performed using SPSS version 24 (SPSS, Inc., Chicago, IL, USA), and free statistical software EZR [27] (Jichi Medical University, Saitama, Japan). A two-sided P-value < 0.05 was considered statistically significant.
Results
We retrospectively reviewed 37,500 Japanese women and identified 184 reproductive-aged women with PCOS, 102 of which met our inclusion criteria (Fig. 1) . The calculated prevalence of elevated liver enzymes in Japanese women with PCOS was 33.3% (Fig. 1) .
To find the differences between the elevated liver enzymes and control groups, anthropometric, clinical, and biochemical characteristics were compared ( Table 1 ). The median age (29.0 years in the elevated liver enzymes group) was similar between the two groups. As expected, aspartate transaminase (AST; P < 0.001), ALT (P < 0.001), alkaline phosphatase (ALP; P = 0.001), and lactate dehydrogenase (LDH; P = 0.005) levels were significantly higher in the elevated liver enzymes group than in the control group. The correlation coefficient between ALT and AST was 0.78 (P < 0.001), between ALT and ALP was 0.37 (P < 0.01), and between ALT and LDH was 0.31 (P < 0.01). Median BMI was higher (P = 0.003) and blood glucose levels was tended to be higher (P = 0.07) in the elevated liver enzymes group than in the control group, which are useful indexes of PCOS in clinical practice. The prevalence rate of elevated liver enzymes in PCOS patients with BMI ≥ 25 kg/m 2 was 58.1%. LH and testosterone levels were not significantly different between the groups.
ROC analysis was conducted to assess the diagnostic value of the two models for elevated liver enzymes, with a simultaneous comparison of its components. Cutoffs for predicting elevated liver enzymes were BMI = 25.2 kg/m 2 , blood glucose = 103 mg/dL, and testosterone = 0.55 nmol/L (Table 2). In addition, AUCs derived from Models 1 (including BMI and blood glucose) and 2 (including BMI, blood glucose, and testosterone) were 0.783 (95% confidence interval (CI), 0.664 -0.901; sensitivity = 40.0%, specificity = 94.9%) and 0.861 (95% CI, 0.688 -0.999, sensitivity = 66.7%, specificity = 100%), respectively ( Table 2 ). AUCs of both models were greater than the AUCs of all components and showed good or fair validity [26] . Model 2 showed the highest AUC between the two models. ROC curves of both models and their components for the prediction of elevated liver enzymes are presented in Figure 2 .
Discussion
We reported a 33.3% prevalence of elevated liver enzymes in Japanese women with PCOS. The prevalence of elevated liver enzymes in PCOS women varies due to the diagnosis criteria and characteristics of cohorts [10] . An American retrospective study including 39 adolescent PCOS patients has reported that 15.4% had elevated ALT levels [28] . PCOS patients were diagnosed according to the Rotterdam criteria [29] , and were of various ethnicities. On the contrary, an Italian study using the same diagnostic criteria reported elevated ALT levels (ALT > 19 IU/L) in 57.9% of 140 overweight/ obese PCOS patients [14] which is consistent with our prevalence rate of elevated liver enzymes (58.1%) in obese PCOS patients. Similarly, the prevalence of ultrasound-diagnosed NAFLD in PCOS varies worldwide. For example, the prevalence of PCOS with NAFLD was approximately 33% -39% in Chinese [30, 31] , 55% in American [32] , and 73% in Bra- zilian [33] people. Although the Rotterdam criterion is commonly used for PCOS diagnosis in many countries, the pathology of PCOS is slightly different in Asians [34] . In this study, we used diagnostic criteria of PCOS specialized for Japanese patients [17, 18] , and the prevalence was similar in Chinese patients. Unfortunately, obstetricians and gynecologists often do not evaluate ALT when evaluating PCOS because ALT is not a direct biomarker for PCOS. Indeed, we excluded 24.1% of the subjects because ALT was not evaluated.
A recent study has reported that triglyceride (TG)-BMI, which combines TG and blood glucose indexes with BMI, is an Reported anthropometric, clinical, and biochemical characteristics of 102 PCOS patients. The normality distribution of the variables was tested using the Kolmogorov-Smirnov test. Differences between the two groups were compared with Student's t-test for normally distributed data and the Mann-Whitney U-test for nonnormally distributed data. Continuous variables are presented as median (25 -75 percentiles). *Reported elevated liver enzymes group was significantly different (P < 0.05) than in control group. AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; LDH: lactate dehydrogenase; BUN: blood urea nitrogen; WBC: white blood cell; LH: luteinizing hormone; FSH: follicle stimulation hormone; CRP: C-reactive protein; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.
Risk
effective marker to detect NAFLD in nonobese patients [35] . However, the index for identifying elevated liver enzymes in PCOS women remains unknown. Therefore, we attempted ROC analysis using BMI and glucose and testosterone levels and obtained cutoffs of BMI = 25.2 kg/m 2 , blood glucose = 103 mg/dL, and testosterone = 0.55 nmol/L for predicting elevated liver enzymes in PCOS women using a simple analysis. In addition, AUC using the multifactor method showed fair or good validity. To the best of our knowledge, we revealed for the first time that BMI and levels of blood glucose and testosterone can be useful indexes for predicting elevated liver enzymes in Japanese PCOS women. A recent study has demonstrated that the appropriate cutoffs for BMI in screening for NAFLD were 24 in Chinese [30] , 24.4 in Asian Indian [36] , and 23.2 in Iranian [37] patients. BMI = 25 was defined as a cutoff for obesity among people in the Asia-Oceania region [38] . Our data suggested that the optimal cutoff for BMI for predicting NAFLD in Japanese PCOS women was 25.2.
Fasting plasma glucose ≥ 102 mg/dL has been regarded to be indicative of prediabetes [39] . However, cutoff levels of blood glucose in NAFLD patients are rarely considered. In this study, we showed 103 to be an appropriate cutoff for blood glucose in elevated liver enzymes women with PCOS.
Although a high LH level is considered to be related to insulin resistance, it is found in nonobese women with NAFLD, especially Asians. In addition, the frequency of insulin resistance in Asian PCOS women is lower than that in women from other countries [19] . In our study, there was no significant difference in LH, but it tended to be lower in the elevated liver enzymes group (10.1 vs. 8.4, P = 0.087). Lower LH and higher BMI in the elevated liver enzymes group are consistent with reports in Chinese women [30] . Gonadotropin-releasing hormone (GnRH), which releases FSH and LH from the pituitary gland, is inversely correlated with BMI [40] . This result seems to suggest a new mechanism of NAFLD pathogenesis without insulin resistance [41] in Japanese women with PCOS.
Hyperandrogenism is frequently observed in PCOS. Androgens, such as testosterone, dihydrotestosterone and dehydroepiandrosterone, are proapoptotic agents, and androgeninstigated apoptotic processes in the liver positively contribute to the progression of NAFLD [42] . Thus, the presence of PCOS indicates a strong proapoptotic environment, and patients with NAFLD may be susceptible to the onset of nonalcoholic steatohepatitis. In addition, PCOS patients have decreased mRNA levels of low-density lipoprotein receptors (LDLRs) in adipose tissue [42] , and the activity of androgen receptor agonists attenuates the estrogen-induced upregulation of LDLRs in hepatocytes [43] . Hyperandrogenism in PCOS may have a direct inhibitory effect on LDLRs in the adipocytes and liver. Consequently, hyperandrogenism may be implicated in the presence of NAFLD in PCOS women.
Our study has some limitations. First, there may be a selective bias since the subjects had a background that required investigation of liver function; therefore, our results may represent an overestimation of the rate of elevated liver enzymes. Second, due to the cross-sectional study design, causal inferences cannot be made. To investigate the rate of elevated liver enzymes in Asians with a low prevalence of PCOS, we used data form electronic medical records of large-scale cohort, encompassing approximately 16 years. Third, although we recruited 37,500 subjects from the Department of Gynecology, the sample size was small because the prevalence of PCOS was only 4-8% in premenopausal women [5] . Fourth, PCOS is a complex of multiple diseases, and we divided PCOS patients into two groups on the sole basis of biochemical examinations in this study, leading to a heterogeneous sample. In addition, although two groups were divided on the basis of ALT, it is rare that ALT alone is high. In fact, the correlation coefficient between ALT and AST is 0.779 (P < 0.001), between ALT and ALP is 0.365 (P < 0.01), between ALT and LDH is 0.308 (P < 0.01). These reasons could influence the anthropometric, clinical and biochemical features. Further studies are warranted for validation in another population. Fifth, we used ALT for the estimation of NAFLD. It could be insufficient to identify NAFLD with the biochemical evaluation of ALT alone. However, in this retrospective study, we included no data regarding liver biopsy or ultrasonography. In patients with PCOS, NAFLD was diagnosed by the surrogate measure of abnormal serum ALT concentrations (defined as ALT > 19 IU/L) after excluding other secondary causes of liver disease (alcohol, virus, and medications). Further studies using more direct measures to diagnose NAFLD are required. Finally, our study did not directly investigate the degree of alcohol consumption. Therefore, we used the ICD-10 code for indicating alcohol drinkers. In addition, no patient was noted to have excessive alcohol intake in the medical records. Despite these limitations, we for the first time clarified the potential prevalence of estimated risk factors for NAFLD using elevated liver enzymes in Japanese women with PCOS. Our findings may be useful for the study of NAFLD among Japanese women with PCOS since several previous studies have indicated the elevated liver enzymes to be related to the potential presence of NAFLD. AUC for the prediction of elevated liver enzymes. ROC curves for BMI, blood glucose, testosterone, Model 1, and Model 2 in women with PCOS. AUC was calculated to assess overall diagnostic accuracy and to identify optimal cutoffs for risk factors for elevated liver enzymes. ROC: receiver-operating characteristics; AUC: area under the receiver-operating characteristics curve.
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Conclusions
Abnormal ALT levels (>19 IU/L) accounted for approximately 33% of Japanese women with PCOS. In addition, combinations of BMI and blood glucose and testosterone levels were useful indexes for identifying elevated liver enzymes in Japanese women with PCOS. From the viewpoint of developmental origins of health and disease (DOHaD) [44, 45] , it is important to provide proper nutrition education and management of body weight and blood glucose levels for prepregnancy women with PCOS to prevent lifestyle-related diseases in the next generation. Further examination of the association between PCOS and liver diseases, such as NAFLD, is required to validate these findings.
